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(57)Abstract: 

PROBLEM TO BE SOLVED: To save power of a 
waveguide type optical switch. 
SOLUTION: The thermooptical switch of a 
MachZehnder type consists of two directional 
couplers 3 formed by bringing two waveguides 4 
into proximate to each other on a substrate, two 
arm waveguides 4a, 4b connecting these 
directional couplers and a thin-film heater for 
shifting the phase of propagation light by 
imparting a thermooptical effect to these arm 
optical waveguides. A groove 6 for parting the 
arm optical waveguides to be imparted with the 
thermooptical effect is arranged in at least 
mid- way of the arm optical waveguides to be 
imparted with the thermooptical effect. An org. 
material having a thermooptical constant larger 
than the thermooptical constant of the arm 
optical waveguides to be imparted with the 
thermooptical effect is filled into this groove. 



[Claim(s)] 

[Claim l] Two directional couplers to which two optical waveguides are made to come 
to approach by two places on a substrate Two arm optical waveguide which connects 
said directional coupler A thin film heater which gives a thermooptic effect to said arm 
optical waveguide, and shifts a phase of propagation light It is the heat optical switch 
equipped with the above, arid a slot which divides the arm optical waveguide concerned 
in the middle of arm optical waveguide which should give said thermooptic effect at 
least is arranged, and it is characterized by coming to fill up an organic material with a 
larger heat optical constant than a heat optical constant of arm optical waveguide 
which should give said thermooptic effect to this slot. 

[Claim 2] Two directional couplers to which two optical waveguides are made to come 
to approach by two places on a substrate Two arm optical waveguide which connects 
said directional coupler A thin film heater which gives a thermooptic effect to said arm 
optical waveguide, and shifts a phase of propagation light A slot which divides the arm 
optical waveguide concerned in the middle of arm optical waveguide which is the heat 
optical switch equipped with the above, and should give said thermooptic effect at least 
is arranged, and it fills up with an organic material with a larger heat optical constant 
than a heat optical constant of said arm optical waveguide which should give said 
thermooptic effect to this slot, and is characterized by coming to arrange a slot for 
heat-conduction prevention at said arm optical waveguide and the outside edge of a 
heater. 

[Claim 3] A heat optical switch according to claim 1 or 2 characterized by arranging a 
slot divided into plurality so that an overall length of a slot might become equal 
between two arms to both sides of said two arm optical waveguide. 

[Claim 4] A heat optical switch according to claim 3 characterized by a gap between 
said two or more slots being 30 micrometers (micrometer) - 100 micrometers 
(micrometer). 

[Claim 5] A heat optical switch according to claim 1 or 2 characterized by arranging 
said thin film heater on the outside of said two arm optical waveguide. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the accumulation mold optical 
switch which used quartz system optical waveguide, this invention processes a slot into 
a part of quartz system optical waveguide, fills up the slot with an organic material in 
detail, and relates to the heat optical switch which switches using the thermooptic 



effect of the organic material. 
[0002] 

[Description of the Prior Art] the accumulated type heat optical switch using former 
and quartz system optical waveguide - being related - for example - M.Okuno et al. 
and M - 8x8 optical matrix switch using silica-based plannea lightwave circuits, "IEICE 
Trans.Electron., and vol.76-C and no. - 7, pp. 1215- 1223, and July 1993. It is stated in 
detail. 

[0003] This switch is shown in drawing 9 , and the expanded sectional view of CC line 
of drawing 9 is shown in drawing 10 . 

[0004] This is the Mach Zehnder interferometer which used two directional couplers, 
and switches by controlling by the thin film heater which has arranged the 
optical-path-length difference of the two arm optical waveguides 4a and 4b on the front 
face of arm optical waveguide. For example, in the condition of not driving the thin film 
heater, the optical path length of the two arm optical waveguides 4a and 4b is equal, 
and outgoing radiation of the light which outgoing radiation of the light which carried 
out incidence from input port 2a was carried out from 2d of output ports, and carried 
out incidence from input port 2b is carried out from output port 2c. 

[0005] Here, if current is given to a thin film heater and 1/2 wave is given to the 
optical-path-length difference of a sink and the two arm optical waveguides 4a and 4b, 
outgoing radiation of the light which carried out incidence from input port 2a will be 
carried out from output port 2c. That is, switching of light is realized. Since integration 
by the multistage configuration is possible for this switch, those needs are increasing in 
optical network construction in recent years. 
[0006] 

[Problem(s) to be Solved by the Invention] About 0.5W power consumption was 
required of the heat optical switch introduced with the conventional technology. 
Therefore, there was several W pyrexia in some which accumulated ten-piece order on 
the same substrate. In case such a switch is built into the exchange or transmission 
equipment, the packaging density is restricted with the calorific value of the switch 
section. For this reason, power-saving of a waveguide mold optical switch had become a 
technical problem. 

[0007] The object of this invention is to offer the technology which can achieve 
power-saving of a waveguide mold optical switch. As new along [ said ] this invention a 
feature as the other objects will become clear by description and the accompanying 
drawing of this description. 
[0008] 



[The means for ****(ing) a technical problem] It will be as follows if the outline of a 
typical thing is briefly explained among invention indicated in this application, 
(l) Two directional couplers to which two optical waveguides are made to come to 
approach by two places on a substrate, In the heat optical switch of the Mach 
TSUENDA mold which consists of a thin film heater which gives a thermooptic effect to 
the two arm optical waveguide which connects said directional coupler, and said arm 
optical waveguide, and shifts the phase of propagation light The slot which divides the 
arm optical waveguide concerned in the middle of the arm optical waveguide which 
should give said thermooptic effect at least is arranged, and it comes to fill up an 
organic material with a larger heat optical constant than the heat optical constant of 
the arm optical waveguide which should give said thermooptic effect to this slot. 
[0009] (2) Two directional couplers to which two optical waveguides are made to come 
to approach by two places on a substrate, In the heat optical switch of the Mach 
TSUENDA mold which consists of a thin film heater which gives a thermooptic effect to 
the two arm optical waveguide which connects said directional coupler, and said arm 
optical waveguide, and shifts the phase of propagation light The slot which divides the 
arm optical waveguide concerned in the middle of the arm optical waveguide which 
should give said thermooptic effect at least is arranged. It fills up with the organic 
material which has a larger heat optical constant than the heat optical constant of said 
arm optical waveguide which should give said thermooptic effect in this slot, and comes 
to arrange the slot for heat-conduction prevention at the outside edge of said arm 
optical waveguide and heater. 

[0010] (3) The slot divided into plurality so that the overall length of a slot might 
become equal between two arms to the both sides of said two arm optical waveguide is 
arranged. 

(4) The gap between said two or more slots is 30 micrometers - 100 micrometers. 

(5) Said thin film heater is arranged on the outside of said two arm optical waveguide. 
[0011] That is, in order to attain power- saving of the above-mentioned waveguide mold 
optical switch, the big thermooptic effect of an organic material is used in the optical 
switch of this invention. Specifically a slot is processed into the arm optical waveguide 
of a Mach Zehnder interferometer, it is filled up with the big organic material of a 
thermooptic effect there, and an optical switch is realized using the refractive index 
change by the temperature of the organic material. 

[0012] Hereafter, this invention is explained to details with the gestalt (example) of 
operation with reference to a drawing. In addition, in the complete diagram for 
explaining an example, what has the same function attaches the same sign, and 



explanation of the repeat is omitted. 
[0013] 

[Embodiment of the Invention] (Operation gestalt l) The expanded sectional view 
which cut with the enlarged view near the thin film heater of drawing 1 the plan and 
drawing 2 which show the outline configuration of the heat optical switch using the 
optical waveguide of the operation gestalt 1 according [ drawing 1 ] to this invention, 
and cut drawing 3 with the A A' line of drawing 1 , and drawing 4 are the expanded 
sectional views cut with the BB' line of drawing 2 . 

[0014] The heat optical switch of this operation gestalt 1 is a switch of the 
Mach-Zehnder-interferometer mold which used the quartz system optical waveguide on 
a silicon substrate. However, the heat optical switch of this invention has realized the 
switching function to the conventional heat optical switch having used the thermooptic 
effect of quartz glass using the thermooptic effect of organic materials, such as silicone 
resin. 

[0015] In drawing 1 thru/or drawing 4 1 A substrate (for example, a silicon substrate is 
used), In 2, input/output port and 2a the 1st input port and 2b The 2nd input port, The 
2nd output port and 3 2c the 1st output port and 2d A directional coupler (for example, 
a 3dB thing is used), Optical waveguide (for example, quartz system glass is used) and 
4a 4 The 1st arm optical waveguide, 4b - the 2nd arm optical waveguide and 4c - clad 
glass and 5 a thin film heater (for example, Cr - since - it becomes) - It is the field 
where the slot and 6a with which, as for the electrode of a thin film heater and 5c, it 
fills up with a thin film heater conservation film, and, as for 5a and 5b, the organic 
material (for example, silicone resin is used) is filled up, as for 6 applied silicone resin, 
and 7 applied silicone resin. 

[0016] Two directional couplers 3 to which the heat optical switch of this operation 
gestalt 1 makes two optical waveguides (quartz system optical waveguide) 2 come to 
approach by two places on a substrate (silicon substrate) 1 as shown in drawing 1 
thru/or drawing 4 (3dB), The two arm optical waveguides 4a and 4b which connect this 
directional coupler 3, It is the heat optical switch of the Mach TSUENDA mold which 
consists of a thin film heater (for example, Cr is used) 5 which gives a thermooptic 
effect to said arm optical waveguides 4a and 4b, and shifts the phase of propagation 
light. The slot 6 which divides the arm optical waveguides 4a and 4b concerned in the 
middle of the arm optical waveguides 4a and 4b which should give said thermooptic 
effect at least is arranged. It comes to fill up the organic material which has a larger 
heat optical constant than the heat optical constant of the arm optical waveguides 4a 
and 4b which should give said thermooptic effect in this slot 6. 



[0017] The principle of operation of the heat optical switch of this operation gestalt 1 is 
explained below. When not impressing voltage to the electrodes 5a and 5b of the thin 
film heater 5, since the two arm optical waveguides 4a and 4b are designed so that it 
may become the optical path length same as a whole, outgoing radiation of the light 
which carried out incidence from the 1st input port 2a is carried out from the 2d of the 
2nd output port. 

[0018] Next, if voltage is impressed and heated to the electrodes 5a and 5b of the thin 
film heater 5, the temperature of the field 8 shown with the slash of drawing 2 will rise. 
In this case, for the two arm optical waveguides 4a and 4b, since portions other than 
slot 6 are built by the object, an optical-path-length difference is not produced. However, 
the slot is formed in the field with a temperature rise only at 1st arm optical waveguide 
4a, and to silicone resin (organic material) 6a with which the slot 6 was filled up having 
the heat optical constant of -3.7x10-4 (l-/degree C), since the heat optical constant of 
quartz system glass is 1x10-5 (l -/degree C), an optical-path-length difference occurs in 
the two arm optical waveguides 4a and 4b. 

[0019] this operation gestalt 1 - the length of the thin film heater 5 - the length of 1 
millimeter and a slot - the depth of 20 micrometers and a slot 6 was designed [ the gap 
of 15 micrometers and a slot 6 / the number of the slot 6 per one of 50 micrometers and 
the arm optical waveguide 4 / the gap of the 20 and two arm optical waveguides 4a and 
4b ] for the width of face of 50 micrometers and the thin film heater 5 to 30 
micrometers. 

[0020] Here, the reason for not arranging the thin film heater 5 right above silicone 
resin (organic material) 6a is because it was difficult to form the thin film heater 5 on 
silicone resin 6a in process. Therefore, it is not the essential item of this invention to 
shift the thin film heater 5 from right above silicone resin 6a, and if it becomes possible 
in process, a heat optical switch with more small power consumption will be realized. 
[0021] In the case of this operation gestalt 1, in the location of the core of the arm 
optical waveguides 4a and 4b, 1/2 wave of optical-path-length difference of 1.55 
micrometers of signal light arose in about 7-degree C temperature rise. It was 42m W, 
the supply voltage, i.e., the switch power, to the thin film heater 5 at this time. This 
value is 1/10 or less value of the conventional heat optical switch, and it was checked 
that the power consumption of the heat optical switch of this operation gestalt 1 is 
small. 

[0022] Silicone resin 6a with which there [ the slot 6 and there ] where it prepared in 
2nd arm optical waveguide 4b of drawing 1 were filled up is prepared since the 
optical-path-length difference of the two arm optical waveguides 4a and 4b does not 



arise depending on environmental temperature, and in order to make equal optical loss 
of the two arm optical waveguides 4a and 4b. 

[0023] Since the heat optical switch of this invention uses the thermooptic effect of 
silicone resin, an important thing is the sum total of the length of the silicone resin 
which light spreads. Therefore, one connected slot is sufficient as the slot 6 filled up 
with silicone resin 6a. 

[0024] However, having divided, as shown in drawing 2 depends the slot 6 which fills 
up the silicone resin 6a with this operation gestalt 1 on the following situations. That is, 
there is no structure in the slot 6 which divides the core of the arm waveguides 4a and 
4b in the slight closing depth of light, light-emission loss arises, and this radiation loss 
increases exponentially with the length of a slot 6, as shown in drawing 5 . 
[0025] Therefore, if it divides into two or more slots 6 to the length of the target slot 6, 
loss of the one piece one slot 6 is suppressed small, and total power dissipation is 
smaller than the case of one connected slot, that is, it is markedly alike, radiation loss 
has less way with no less than 15 micrometers of 20 slots 6 than the 300-micrometer 
slot 6, and it ends. Moreover, as for the gap of relation with radiation mode to the slot 6, 
radiation loss becomes small at the time of 30*100 micrometers as indicated by the 
JP,7-56034,A official report. Therefore, with this operation gestalt 1, the length of a slot 
6 was designed with 15 micrometers, and the gap was designed with 50 micrometers. 
The radiation loss at this time was 0.6dB. This radiation loss is the subtracting point of 
this invention, 

[0026] The method of producing the heat optical switch shown in drawing 1 is 
described below. Lower clad glass (thickness of 40 micrometers after rarefaction) 4c and 
core glass (thickness of 7 micrometers after the rarefaction) are deposited by the flame 
depositing method on a silicon substrate 1. After carrying out the rarefaction of it at an 
elevated temperature 1000 degrees C or more, the core glass of the arm optical 
waveguides 4a and 4b is patternized by the photolithography method and the 
reactive -ion-etching method. Furthermore, up clad glass (thickness of 20 micrometers 
after rarefaction) 4c is embedded deposition and by carrying out the rarefaction by the 
flame depositing method, and optical waveguides 4, 4a, and 4b are formed. 
[0027] Next, Cr and Au are deposited with a vacuum deposition method, and the thin 
film heater 5 and electric wiring are formed for the Cr and Au which were deposited by 
the photolithography method and the wet etching method. About 2 micrometer of 
SiO(s)2 as protective coat 5c are deposited on the front face of the thin film heater 5 in 
a spatter if needed. So far, it is the same as the method of producing the conventional 
heat optical switch. 



[0028] Further, the slot 6 was processed by the lithography method and the 
reactive-ion-etching method, and silicone resin is filled up with this invention into the 
slot 6. With this operation gestalt 1, the refractive index difference of a core and a clad 
was set up to 0.45%. 

[0029] (Operation gestalt 2) Drawing 6 is the flat-surface enlarged view showing the 
outline configuration near the thin film heater of the heat optical switch of the 
operation gestalt 2 of this invention. Although the structure of the heat optical switch 
of this operation gestalt 2 is almost the same as said operation gestalt 1 as shown in 
drawing 6 , the points which newly arrange the slot 9 at the outside edge of the arm 
optical waveguides 4a and 4b and the thin film heater 5 differ. The reason for having 
newly added the slot 9 aims at preventing diffusion of the heat to an unnecessary field. 
[0030] Since thermal conductivity was low compared with quartz system glass, by 
forming the slot 9 newly added with this operation gestalt 2, silicone resin could limit 
the heating field of the thin film heater 5, was able to reduce switch power about ten 
percent, and was able to make it about 38m W. 

[0031] It is more desirable for the inside of the slot newly added more preferably to be 
the cavity where thermal conductivity is small, although silicone resin is filled up with 
this operation gestalt 2 in the slot from the ease of production. 

[0032] (Operation gestalt 3) Drawing 7 is the plan showing the outline configuration of 
the heat optical switch of the operation gestalt 3 of this invention. As the heat optical 
switch of this operation gestalt 3 is shown in drawing 7 , as compared with said 
operation gestalt 1, the gaps of the arm optical waveguides 4a and 4b differ in 
arrangement of a slot 6 and the thin film heater 5, and a pan. The thin film heater 5 
has been arranged not on between the two arm optical waveguides 4a and 4b but on 
the outside. With this operation gestalt 3, the temperature gradient of the two arm 
optical waveguides 4a and 4b which carried out induction at the thin film heater 5 is 
used. For this reason, the gap of the two arm optical waveguides 4a and 4b was 
designed with 125 micrometers. 

[0033] In addition, the merit of the thin film heater 5, the length of a slot 6, the gap of a 
slot 6, the number of a slot 6, the width of face of the thin film heater 5, and the depth 
of a slot 6 were designed to the same value as said operation gestalt 1. Although the 
switch power at this time was a little big value as compared with 88mW and said 
operation gestalt 1, compared with the conventional type, it was 1/5 or less value. 
[0034] (Example 4) Drawing 8 is the plan showing the outline configuration of the heat 
optical switch of the operation gestalt 4 of this invention. Although the structure of the 
heat optical switch of this operation gestalt 4 is almost the same as said operation 



gestalt 4 as shown in drawing 8 , the points which newly arrange the slot 9 between 
the outside of the thin film heater 5 and the arm optical waveguides 4a and 4b differ. 
The reason aims at limiting a heating field and preventing diffusion of the heat to an 
unnecessary field. Switch power was able to be reduced about twenty percent according 
to this structure, and it was able to be made about 70mW. 

[0035] The crossing output (from the 1st input port 2a of drawing 1 to the 2d of the 2nd 
output port) was realized by said operation gestalt in the condition that two arm 
optical waveguides 4a and 4b are total, and write the length of a slot equally, an 
optical-path-length difference is set to 0 by two arm optical waveguides 4a and 4b, and 
there is no voltage impression to the thin film heater 5. 

[0036] Furthermore, there was an advantage of "an optical-path-length difference with 
the two arm optical waveguides 4a and 4b not arising depending on environmental 
temperature" and "loss with the two arm optical waveguides 4a and 4b having been 
equal." however, with the heat optical switch of a Mach TSUENDA mold Not only in 
when setting phase contrast with the two arm optical waveguides 4a and 4b to 0 in the 
condition of necessarily not impressing voltage For example, it may be necessary to 
make it a through output (from the 1st input port 2a to the 1st output port 2c of 
drawing 1 ) in the condition that phase contrast with the two arm optical waveguides 
4a and 4b is set as 1/2 wave, and there is no voltage impression to the thin film heater 
5. 

[0037] In this case, when a thermooptic effect establishes 1/2 wave of 
optical-path-length difference of comparatively small quartz system optical waveguide, 
the switch "for which an optical-path-length difference with the two arm optical 
waveguides 4a and 4b hardly depends on environmental temperature" is realizable. 
[0038] As mentioned above, although this invention was concretely explained based on 
said example, as for this invention, it is needless to say for it to be able to change 
variously in the range which is not limited to said example and does not deviate from 
the summary. 

[0039] For example, although silicone resin was used as an organic material with said 
operation gestalt, not only this but the heat optical constant (temperature change of a 
refractive index) of things is [ that what is necessary is just bigger than the heat optical 
constant of optical waveguide ] clear. Generally, the refractive index of an organic 
material shows a negative value, and the absolute value has many which show the 
number of thermometers of a quartz system light wave way large 10 or more times, 
and can apply various things other than silicone. 
[0040] 



[Effect of the Invention] As explained above, according to this invention, the heat 
optical switch which there can be little power consumption and can integrate was 
realized. 
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**K8S, 4 b ttfg 2 ror- Ajftfftttt, 4 c lii? 7 s> 

5a, 5bltilt'-^roi®, 5c<4^t-^«# 
6 ISWflStfm (0<l^»ivU =»->*Hl?i£fliv>S) a 5 

[0016] 1 (D&ft.mX'f s^tt, HI 1 75 

S04^^J;9f-, S« =«>S«) 1±-C2* 
<o*mm& (5?£5fi3t*ttK) 2&2S£reifflg$itT 
/iS2o«D^|fi]f4^-a-S (3dB) 3t, iO*|SH4*jf 



3 



^§3£»fe-r5 2*cOT-i»3fc»m2&4 a, 4bt, 
«Mf2T-A^j»SEg§4 a. 4 bl;S*fM?:4ite 
S8ft<£>;&tl3r>:7 h-r-5»)®[t-^ (^Ixtf C r £fflv> 
5) ' 5 h £ s» A y a. ^ y-^<D?m3t^^ ^j/ft 

a, 4 b ©&*K3K7— A3fca*aS&4 a , 
4 b«r^-r?.Sl6^iag$tt, rw»6I^BiJ|5^3t^ 
»jRSr-**.*-<#T-A*»«JS4 a, 4 b OTf&tt^ 

[0017] £lT(c*HlfiJKfl8 1 (D&ttt&xJ v?-<r>Wi 
ftmm*®.W-fZ>„ »St7?5«fS5a, '5.bCt 
EESr^PUncV^-g-. 2*^7-A3fe#StK4a i , 4 b 

f h2 a^bAdtLfc3t»4m2 0tti 

[0 0 1 8] 5$)Sfc — ? 5<DWM5 a. 5 b »CS 

flEfcRHBLTAHIS-rSi:* El 2 8 ©i& ' 

mfr±9l-rZ„ 2*©7-AHSK4a, 
4 blCioTiS6^<75gB#rt:, *t^(Co< fefrCWB 

Ktt, m l ror-A3t#iSgS4 a {croWt^^^ttT 

6a*i-3. 7X10^(1 /X,) OjR**Sft*tt 
5©|:»Lt^#7^^)t¥^l x 1 0^ 

s (i/X) -efcsfc*. 2*ror-A^jKK4 a, 
4 b izitv&&mtft*k-rz<, 

[ooi 9] *mMmmi-?n. »it-^5©i^ 

1 5 !> p< — h/K i&e>fi££ l 5W ^npt— 
6©WiiSr50W^B^-WK T— A^)K?S4ro 
l*at)roSl6W^:3S?r2 0*, 2*wr-A3t^St«S 
4a. 4 b<DFflR|?:5 0-^-r^n^— h/K »Rt— ^ 
5»i?;20-?-<^D/-h^ $E6to8!££3 0 ^'l' 

[0020] rrt?, »gt-^5iv'y3-yfig 

6 aCO^±lCgaSLrv^£V>SI*«:. 7-n 

[0021] *mmi&Wi i r-A3t*Ki« 4 

a, 4 bco=2rto{arB^c*3^^r^^J7'com^±#■e^t^• 

3tl. 5 5^^d^-h/KDl/2&ftCD^ftH^ 

©M^'fj'froi o^<oi^Twffl[-c$)t), 

[00 2 2] El 1 tf>^ 2 ©T-AMSEK 4 b fCsfcttfc 
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g{Cte#LT2*<OT-Aft»j;j|£S&4 a, 4 b <D%?&& 
mtffkCKlf^tctb^ Rtf2fr(K>T— i»3te»K?&4 a, 4 
b (ff U < -r 5 fc » tc|9: It T V > 6. 

[0 0 2 3]«iiO»^j/m 

[0 0 2 4] U*»U<C^6>, *mffiM1&l T?-tCD->y = 
->-#tJig6 a 4r^-T5Sl6%E2^^-r < t9(C^SiJU 

fj|g4a, 4 b CD ^£#^3^6 
[0 0 2 5] LfcJiot, @toi:-f 5$p6<Dg$(C*j-L 

-c«&fiosi 6 ic»«-rnri> i <a i m<ome <om^-i 

t^SlV t4t)%, 3 0 OW^o./ — 1-/KD8I6 i 
9 t> i h/vfci»6**2 o^fesia^^iJc 

JW«*a*t&&^£K Ti&ir,, #BS¥7-5 6 0 

3 4^a(ciBI^$ti.TV^J;5l^ Sctt^— Kt©HS 
A>ibSl6cD^PH4 3 0~1 0 0-^W^np«— h/K75B#(C 
tt««ite*»'h*<*5. tot, **JteRttl-CH:|»6 
tf>fi££l 5W^n^-h;K rad%5 0-=!''1'^np« 
- I- Art L fc. i OB#WiJcMW*:tt 0 . 6 d B T?fo 

[oo2 6] sitk^jb i tc^ufc^^'i' ??-o>im 

(IIMOf*4 0W^o^-h/W) 4 c, ="T# 
1 0 0 CC^icOiSSJa-CSW^L 

hv v?77*< mk&.ft-&-( 

ife-Cr— -Mfcj»i&?&4 a, 4 b CD = T#7 

{b-r5ittc:J:o-CS*i2 : ^3t#Si2S4 ( 4a, 4b& 

[00 2 7] KSl»at?C r RXfA u 

U ZVtmLiZC r&XfAu&7* hV V?774ttz 
kt~y Y^-y=f->?mcSL Oifit-^ 5RWg.iSte 

mzBi8.-rz„ &m\c&cx, &mm5 ct i-cos i 
[oo 2 8] *»wu'ii, yy^7 7-fSts 

37t^77 K<D JEWESS: 0.45 L fc. 



[0029] mnrnm 2 > ia 6 14*3891 nmm&m 2 

(Dj&ft^x-Y * =7" <D5$I& fc - * tt&co$RB&«/£ 

14, ni6i£^-r.fc9K, \%tfu^wi^mwmi tmz 

-C$>S*S, T— A7tagi8E!S4 a , 4bWilt-^5 

fc(Cf&9 £ii*DLfcSai4^ftffii!£~ (Of?ft<D#;1ft£l55 
<*;:i:£Bl$i: LTV N 5. 

[0 0 3 0] ^-^flgl^^mTy^^Jcit^T^ 
e**a*©V**:», **l^*2T*rfc»cii;!JDL*:*9 

V 9y hiC-tZZkfr-eZlt. 

[0031] ^mtmm2-cn. 

[0032] mmmm 3)07 tt*sswro*iteMiB 3 

tts^fig 3 ro^3t^^.'!' s^!4. El 7 ic^i" J; 9 IflfE 

tJt*ur*6»t^Kt-f.5_<pe«, ^ 

P>tCT— A3t*ffi?SS4 a, 4 b ©WPHiiWi^o 

5 »4, 2^0T-A^SfK4 a 4 4 b «?|B^Ctt<C 
<, *«D^(R!HcBBSUfc. *HJ£^ffi3-CI4, «Kfc- 
^ 5IC,to-r^Lfc2*(Dr-A3t*iSK4 a, 4 b 

to®«^*ijffli-^ 0 rrofc*2*cor-A3t*KK4 

a, 4 broils* 1 2 5 b/uira^tf- Ufc. 

[0 0 3 3] -?:C0^til, jf^fc-^ 5<Dg, Sl6<Dg^, 
m6COWPB, »6£0^, HRt-# 5(0*1, 

-Y i/^7J(4 885!)7?ht ttrffi^JEKffi 1 KttK-f 
-5t^TC#/£fi|[-e»4*>53!>s, ^^Idtfc^St 1/5 

[0 0 3 4] W\8\-i*ftW<DnffiBm4<D 

xm4<nmytmx'{ y^-nm'&te. h 8 5 k» 

litA/^StrlE^2fe^ffi4 irl^C-Cfc^^ »flSfc-^5 
<O^HB!|<!:r— ^3tj»iKK4 a t 4 btoratc»r^:tcS|9Sr 

7 0 5 U J7y hlc-r-5wi*5-C#fc„ 
[003 5] ffiHEJtfttBtrcr*. 2o<or-A^SiK 

4 a h b\-m<o^^maxm\.< ufc/t», 20© 

T-A3t*SiK4 a t 4 b-C*Ke^ 5 0 t/i<9, SPJS 
fc-^ 5— (OmiE^D^^V^teT?^t3^ffl73 (@1<0 
^l(OA73^-h 2 a fat 3 ?52<DMt)tf- h 2 d) 

[0 0 3 61 461:, r^®S»C'Bc#L-T2^:<OT- 
A3tMj[^jS4 a t 4 b tWJtKft^^c^V^j T2* 
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OT-A***JS4 a.i 4 b, tfOfi[fflllS:0»CUT*5<. : 
®^-fcft-ei*^< , :.«-*.!* % V:2*0-T-rAjle«»»4 a i 
£ 4 b i:03ttffi««: l/2«*»CR£LT*«fc — * 5 

^^-h2a*^mi<otB^jjK-h2 c) tc-rs^n^ 

[00 3 7] ^(om^tt, fR%9^*UtKtt'h£v*4? 
?$^3t#iK?So3tKg^^ l / 2 aSgiSftt 5 r t K J: 
r2*07-A*fM4 a t 4 birroft&S^) 5 

5„ • »■ :V: ; " 

[0 0 3 8] £*±, ^ W4r, SSIE*^0ajtcS^# JW*: 
ttKRWLfc*, lt(rlEs£!ite^KIE£$*t5fc 

[0 0 3 9] flWB**J»«-Ctt» *«W»i: L 

■0!)=— v«WB«:fflv^fcK rixlciRfe-fJKUIfe^fi* 

[0 0 4 0] 



. iiaffirofffim^ift^] 

[ei 1 1 *%9ik j: zmi&rm 1 oxwkk^av^^ri' 

m 2 ] El 1 toSSJK t - ^ia^wte^cElf *> 5„ 
.-.[El 3]-El 1WA-A' l&-e«]ofcia;^:BiEElt?fe5„ 
[EI4] E12C0B-B' ^-C§]-ofcffi^:»fffiE)-Cfe?>. 
[El 5] *©ttSi3te©;l^j^£©Bra**rH^*> 

So 

[El 6] *»M«)5tll0B«2©j|!l3t*^Ws'^«5»ttfc 

[■ 7 1 *&w<omtemm 3 ©»3t*^-f y ^w»[b&« 
[ei 8 1 *»w_©*ito»«4 -y^-comtm 

[EI9] ^3fero^^3fe«jBEK«rfflV>*i*aS!3t^W y 

[El 10] El 9 <0C c' ^(Dfe^rEI-CfeS. 

2 2a-flOAM-h, 2 

b-!2©AM->, 2 c- -^lcom^^-h, 2d 

4 a - mi 4b-§2©7-A 
3t#SSS> 4c-?5j»K#5^ 5-»JRfc — 5 
a. Sb-ySKt-^rom 5 c-*JRt— -^flt« 

ES&ttfcifc (T-A3ttSW6K»»rffl*) , 6 a ■■->» 
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